Pulp and paper production industries are known as
Introduction
Pulp and paper industries have a high demand for both work and heat, which makes them suitable for exergy studies. An exergy analysis (or second law analysis) has proven to be a powerful tool in the simulation thermodynamic analyses of energy systems. In other words, it has been widely used in the design, simulation and performance evaluation of energy systems. It is employed to detect and to evaluate quantitatively the causes of the thermodynamic imperfection of the process under consideration. Many researchers and practicing engineers refer to exergy methods as powerful tools for analyzing, assessing, designing, improving and optimizing systems and processes (Szargut et al. [1] , Bejan et al. [2] , Dincer and Rosen [3] ). Many exergy analyses for industrial processes have been reported. To include the pulp and paper mills, Wall [4] discussed the simplicity and value of using the concept of exergy when analyzing processes to develop conventions and standards within the field. Gemci and Ozturk [5] performed exergy analysis of a sulphide-pulp preparation process in the pulp and paper industry. Gong [6] studied exergy analysis of a pulp and paper mill and presented energy and exergy concepts to a Swedish pulp and paper mill. Gui-Bing Hong et al. [7] analyzed the energy flow of the pulp and paper industry in Taiwan. The potential technology options that were examined focus on how to capture some of the energy currently lost in the processes and then identifying the areas with energy-saving potential that could also have large impacts across a variety of industries. In addition, the energy-saving potential of these options were evaluated. Sarimveis et al. [8] examined the utilization of mathematical programming tools for optimum energy management of the power plant in pulp and paper mills. The objective was the fulfillment of the total plant requirements in energy and steam with the minimum possible cost. Cortés and Rivera [9] studied the optimization of a pulp and paper mill with a cogeneration plant. The optimization included the exergy, exergoeconomics, thermoeconomics and pinch analysis. The proposed methodology was useful in determining not only the best plant operating conditions but also establishing the components or subsystems with the highest irreversibilities. Further Marshman et al. [10] studied energy optimization in a pulp and paper mill cogeneration facility. They presented an energy optimization algorithm for pulp and paper mill cogeneration system. The algorithm was applicable to a number of popular mill configurations, power sale contracts, and fuel purchasing scenarios. The method was also extended to address weatherdependent cooling limitations encountered by a mill cogeneration facility, in which case an iterative solution was proposed in order to maintain convexity of the optimization problem.
In this study, one of the Iranian pulp and paper industries is analyzed. Pars Paper Industrial Group (PPIG) consists of two pulp mill and three paper mills and based material is bagasse. The main objective of this study is to conduct an exergy analysis as a thermodynamic consideration. Parameters such as fuel depletion ratio, relative irreversibility, productivity lack and exergetic factor are discussed for better understanding and modeling. Analysis of all subsection that affected on the process is performed to determine the most effective ways of improving the production of pulp and paper process from bagasse.
System description
PPIG has two pulp and three paper mill. Its nominal capacity is 350 tones/day but at the time of this study, the value of production paper was 146 tones/day. In the process of sugar production in Iran, bagasse is a disposed material. However the process of making paper from wood uses more energy than bagasse and bagasse is cheaper; it is an advantage to use bagasse as raw material. The production process of pulp and paper in PPIG consists of the following stages as shown in fig. 1 
Reaction in lime kiln follows:
Reaction in slacker is:  Paper mills. Three paper machines produce a number of different qualities paper. Saturated steam enters the cylinder in paper machines and heat is transferred to pulp and dries it to form paper. Almost 20% of all the pulp needed at mill is Kraft.
 Steam boilers. Total steam in PPIG is provided with four oil boilers and a soda recovery boiler.
In order to conduct the exergy method, it is necessary to descript the composition of bagasse. The bagasse was analyzed for their composition and the data are presented in tab. 1.The heating value of bagasse varies with moisture content and ash of bagasse. Considering the bagasse used in this process, the heating value of bagasse is equal to 10500 kJkg 
Theoretical analysis
Unlike energy, exergy is not subject to a conservation law (except for reversible processes). Rather exergy is consumed or destroyed due to irreversibility in any real process. The exergy consumption during a process is proportional to the entropy created due to irreversibility associated with the process. The total exergy of a system can be divided into four components, physical exergy, kinetic exergy, potential exergy and chemical exergy as follows:
Only the physical and chemical exergy are considered in this study. Thus, the general exergy rate balance can be expressed as follows ( fig. 2 
):
The exergy destruction is synonym irreversibility and the exergy of waste includes the solid and liquid waste, air emissions and follows:
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Figure 2. Exergy balance
The useful exergy is the exergy of the products. This can be calculated from the exergy balance:
The specific physical exergy of flow i can be calculated from following equation:
Where is enthalpy, is entropy and the subscript zero indicates properties at the dead state of and .
The chemical exergy of substance calculated as [12] :
Where is the mole fraction of component j , each component has molar and the universal gas constant. Chemical data of substances can be taken from the literature (see [1] ).
The exergy of the mixture is determined by its nature. In an ideal mixture the enthalpy can be calculated as the sum of the enthalpies of its component. The entropy of a mixture, on the other hand, is determined by its nature. The entropy of mixtures is [4] :
Exergy is lost when separated substances are allowed to form an ideal mixture. The mixtures occurring in this analysis are rather non-ideal mixtures. However, there is no general theory or unequivocal concept for non-ideal mixtures. Data on specific heats are generally only available for pure elements and for specific chemical compounds such as oxides. Thus, the specific heat of a mixture is assumed to be the sum of the specific heat of the substances in relation to their proportion. This will generate incorrect values of thermal energy and exergy for mixtures where new phases appear. However, the impact on the final result from these errors is considered to be negligible in comparison to other errors, e.g. in the data for material flows and temperatures [4] . Change of entropy calculated for solids and liquids from:
In addition, for ideal gas:
The efficiency of the process is then defined as the useful exergy of the total input exergy:
The exergy loss is can be calculated as:
For thermodynamics analysis of system, the following parameters are used (see [12, 31] 
Results and discussion
The parametric analysis is performed to evaluate the performance-in terms of exergy-of the sub-process in Pars Paper Industrial Group (PPIG) and also to indicate the largest exergy losses and possibilities to improve them. The Pars Paper Industrial Group (PPIG) consists of two pulp mill and three paper mills and based material is bagasse. Tab. 3 illustrates the description of the plant's flow and their thermodynamic properties. The material flows of every sub-process are given in ton per ton of produced paper and the exergy flows in . In this study 1 kJ electricity is used as 1 kJ input energy to the process. The exergy efficiency, exergy destruction rate and some thermodynamic parameters for all the sub-processes are given in tab. 4. The highest exergy destruction occurred in soda recovery with relative irreversibility value of 33.98%. It is followed by Alstom boiler with 29.81%. The lowest exergy efficiency is in boiler 1. It is followed by boiler 3, boiler 2, soda recovery and Alstom boiler with 18.24%, 21.75%, 25.3%, 28.73% and 32.91% respectively. The digester 1 and digester 2 are considered section digester. Similarly, washing screening 1 and washing screening 2 section washing screening, bleaching 1 and bleaching 2 section bleaching, paper mill 1, paper mill 2 and paper mill 3 section paper mill, Boiler 1, Boiler 2, Boiler 3 and Alstom Boiler section steam plant are considered.
The exergy flow diagram is drawn in fig 3. This flow diagram includes utilized and unutilized outflows for all sub process in PPIG. It indicates that 73.73% (corresponding to about 60850.14 ) of the total exergy entering the system is lost, while 26.27% is utilized. The highest exergy loss occurs from the steam plant with 29.85% (corresponding to about 24881.87 ) of the total exergy input due to irreversibility of combustion and heat transfer. The second largest exergy loss (accounting for 23.7%) occurs from soda recovery. The steam plant and soda recovery have considerably larger exergy losses due to the production of steam.
Figure 3. Exergy flow diagram for pulp and paper industry
In this study the exergy efficiency of main section of pulp and paper production is compared with SCA-Munksund pulp and paper mill [4] and Skoghall mill [6] and is shown in tab. 5. Exergy efficiency values were obtained 95.59% for the depitting, 79.47% for the digester, 93.35% for the washing, 82.67% for the bleaching, 83.5% for the paper mill, 29.9% for the steam plant, 69.47% for the evaporator, 28.37% for the Soda recovery and 66.4% for the causticizing. These processes generate steam, so the exergy efficiency is low. The main cause of this low efficiency is the irreversibility of combustion and of heat transfer in the steam generator due to the low temperature output. The difference in temperature between the combustion gases and the working fluid is very large. Thus, in principal, it is possible to add a process that utilizes this temperature difference. Furthermore, the exergy efficiency of soda recovery and the steam plant are lowest and immediate efforts to improve the process should therefore be focused on these processes. Boiler 1 and soda recovery are using fuel oil and boiler 2, boiler 3 and Alstom boiler are using natural gas. Exergy losses as waste flows are predominantly exhaust gases and damp air that are strongly linked to the steam plant and soda recovery. The percent excess air in combustion of natural gas and fuel oil is efficient parameter to optimize exergy efficiency and decrease exergy losses in the process. Then, according to exhaust gas analysis of boilers the optimal decrease of excess air for fuel oil boilers and natural gas boilers are 25% and 10% respectively. Tab. 6 indicates the effect of decrease of excess air on efficiency of boilers. With decrease of excess air for boilers increases the exergy of boiler 1, boiler 2, boiler 3, Alstom boiler and Soda recovery i.e. 16%, 3%, 2%, 1%, 2%, respectively. Other efficient parameter for optimizing exergy efficiency is preheating of inlet air of boilers. It is observed with preheat air up to 100°C to increase inlet air temperature of boilers increases the exergy efficiency. Further increases the efficiency of boiler 1, boiler 2, boiler 3, Alstom boiler and Soda recovery i.e. 3%, 4%, 4%, 2%, 2.5%, respectively.
By preheating combustion air and by decreasing excess air in the boilers it will be possible to save some fuel while generating the same quantity of steam. Tab. 7 illustrates the annual fuel saving for the operation. 
Conclusions
An exergetic analysis and performance evaluation of pulp and paper production in Pars Paper Industrial Group (PPIG) in Iran is presented. In order to determine the most effective procedure to improve the production of pulp and paper process from bagasse, all subsection that affected on the process is analyzed. The highest exergy losses are occurred in the steam plant and soda recovery. The steam plant and soda recovery have considerably larger exergy losses due to the production of steam. Thus, it is possible to develop better technology for them. With decrease of excess air and preheating of inlet air, exergy efficiency of steam plant and soda recovery can be increased. Further annual fuel saving in boilers is estimated. 
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